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Abstact — In this study, waste air containing ethanol and hydrogen sulfide, was treated by an integrated hybrid system
composed of two alternatively-operating UV/photocatalytic reactor-process and biofilter processes of a biofilter system
having two units with an improved design (R reactor) and a conventional biofilter (L reactor). Both a pressure drop (A p) per
unit process of the integrated hybrid system and a microbe-population-distribution of each biofilter process were observed.
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The Ap of the UV/photocatalytic reactor process turned out very negligible. The Ap of the L reactor was observed to
increase continuously to 4.0~5.0 mmH,O (i.e., 5.0~6.25 mmH,0O/m). In case of R reactor, its /Ap showed the one below
ca. 16~20% of the A p of the L reactor. Adopting such microbes-carrying biofilter media with high porosity as waste-tire
crumb media, and the improved biofilter design, contributed to Ap of this study, reduced by ca. 37~50% and 40~53%,
respectively, from the reported Ap of conventional biofilter packed with biofilter media of the mixture (50:50) of wood
chip and wood bark. In addition, the Ap of R reactor in this study, reduced by ca. 80% from the reported Ap of
conventional biofilter packed with biofilter media of the mixture (75:25) of scoria with high porosity and compost, was
mainly attributed to adopting the improved biofilter design. On the other hand, in case of L reactor, the CFU counts in its
lowest column was analyzed double as much as those in any other columns. However, in case of R reactor, its CFU
counts were bigger by 50% than the one of L reactor and its microbes were evenly distributed at its higher and lower
columns of Ry, reactor and R, reactor. This phenomena was attributed to an even moisture distribution of 50~55% of R
reactor at its higher and lower columns. Therefore, R reactor showed superb characteristics in terms of both Ap and

microbe-population-distribution, compared to L reactor.

Key words: Waste-air, Integrated hybrid system, Alternatively-operating UV/photocatalytic reactor, Biofilter system
with an improved design, Conventional biofilter, Pressure drop, Moisture distribution, Microbe popula-
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Fig. 1. Schematic diagram of integrated hybrid waste-air treatment system.
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Fig. 2. Schematic diagram of alternately operating-two annular UV/photo-catalytic reactor integrated with a conventional biofilter (L reac-
tor) and a biofilter with an improved design(R reactors), fed with synthetic contaminated air containing hydrogen sulfide and ethanol.
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Fig. 3. (a) Biofilter system with an improved design (R reactor). 1.
Ryp1 (lower column @ of upper biofilter), 2. Ry, (upper column
@ of upper biofilter), 3. R,,; (upper column 3 of lower biofilter),
4. Ry,, (lower column @ of lower biofilter), 5. Biofilter system
with improved design, 6. Microbes-carrying-media, 7. Waste
air fed to a biofilter(solid line), 8. Treated waste air fed bottom-
up, 9. Treated waste air fed top-down, 10. Treated waste air upon
feeding direction being reversed, denoted as “T”(dotted line),
*(® denotes a pressure gauge. (b) Conventional biofilter (L
reactor): 1. L, (Ist column @ of a biofilter), 2. L, 2nd column @
of a biofilter), 3. L; (3rd column Q) of a biofilter), 4. L, (4th col-
umn @ of a biofilter), 6. Microbes-carrying-media, 7. Waste
air fed to a biofilter, 9. Treated waste air fed top-down, *@®) denotes
a pressure gauge.
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Table 1. Operating-order of integrated hybrid system for waste-air treatment

Stage number 1 2

3 4 5 6

Stage name HA1 HBI

HA2 HB2 HA3T HB3T

- HAn and HBn denote the name of operating stage of their corresponding integrated hybrid systems composed of alternately operating photocatalytic

reactors performing n® run prior to n®

conventional one.

regeneration of photocatalyst carried in SiO, medium, and a biofilters of the one with an improved design and the

- T denotes the reversal of feed direction of the biofilter with the improved design, from @ and(©) (solid line) to @0 (dotted line), as shown in Fig. 3a, which
took place on 15" day-operation of HA3T and was maintained until the end of the operation of HB3T.

- The running period of each stage was assigned to be 1 month.
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Table 2. Operating conditions of integerated hybrid system for wate-air treatment

Pollutants in Feed concentration (ppmv) of sequential runs in order Waste-air flow rate
waste air HAI HBI HA2 HB2 HA3T HB3T (L/min)
Ethanol 200 200 200 200 200 200 3
H,S 10 10 10 10 20 20

- Integrated hybrid system (HAn and HBn) for waste air treatment was composed of alternately operating-two annular UV/photo-catalytic reactor system and

biofilters of the one with an improved design and the conventional one.

- The two annular photocatalytic reactors (effective volume of each reactor: 1.5 L) packed with porous SiO, media carrying TiO,-anatase photocatalyst, one of
which was alternately operated for a month/run while the other was regenerated by 100 °C hot air for 5 h with 15 W UV(-A)-light on for 3 d, performed to
continuously treat waste air containing ethanol and hydrogen sulfide at the rate of 3 L/min.

- Waste air treated by the process of photocatalytic reactors was divided into two streams of 1.5 L/min fed, in parallel, to each biofilter of the one with the improved

design and the conventional one.
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Table 3. Composition of Plate Count Agar(PCA) medium

PCA medium
Yeast extract 2.5¢/LL
Peptone 5.0 g/L
Glucose 1.0 g/L
Agar 14.0 g/LL
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multiplying factor of 10* from L reactor at the end of HB3T
stage (WT: waste tire-crumb media laden with microbes; AC:
activated carbon media laden with microbes).
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Fig. 6. Comparison of the number of colony obtained with dilu-
tion-multiplying factor of 10* from R,, and Ry, reactor at the
end of HB3T stage (WT: waste tire-crumb media laden with
microbes; AC: activated carbon media laden with microbes).
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Fig. 7. SEM (Hitachi, S-4300) image of the surface of microbes-
carrying media from R reactor.
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